The taxonomic identification of mammalian fauna within fossil assemblages is a 27 well-established component of paleoenvironmental reconstructions. However, many 28 fragmentary specimens recovered from fossil sites are often disregarded as they can be 29 difficult to identify with the precision required for taxonomic methods. For this reason, 30 the large numbers of isolated rodent incisors that are often recovered from hominin fossil 31 bearing sites have generally been seen as offering little interpretive value.
4 92 adaptation and short-term behavioral proclivities.
93
Croft et al. [28] constructed a prediction model based on the morphology of 94 rodent upper incisors that successfully assigned three broad dietary categories to extant 95 South American species, and they argued that their model can potentially be applied to 96 dietary interpretations of extinct taxa. Unfortunately, the success of the caviomorph 97 model relies on a measurement (chord length) that we have never been able to assess on 98 isolated fossil incisors. This measurement requires accurate location of the point on the 99 enamel surface at which the incisor erupts from the premaxilla and, when using isolated 100 incisors, there are obviously no instances of premaxillary association. What is more, 101 after years of sorting and identifying rodent fossils from South African cave sites for this 102 and related projects, we have yet to encounter an isolated incisor where this landmark is 103 reliably preserved on the enamel surface.
104
Here, we contribute to the existing research on rodent incisor ecomorphology in 105 two ways. First, we modify existing methods to determine if isolated incisors of southern 106 African rodents can be used to provide dietary information. Second, we begin to assess 107 the suitability of this method for use with the paleontological record by analyzing fossil 108 rodent incisors from the South African hominin-bearing sites Sterkfontein (STS-4) and
109 Swartkrans (SKX-1), which are temporally distinct and generally believed to represent 110 different paleoenvironments [9, 29] .
112
Materials and methods 113 We sampled 41 modern South African rodent species curated in the collections of 114 the Ditsong Museum of Natural History, Pretoria, South Africa (six Families and 31 5 115 Genera, N=163; S1 Table) . incisors is unresolved and is potentially an artifact of benign genetic mutation [30] .
142
We also recorded a new measurement, occlusal angle (OA), which is the angle 143 created by the occlusal surface of the incisor and a radius drawn from the tooth's inferior 144 tip to the center of the circle inferred by its curvature (Fig 1) . We chose this 145 measurement as a means to measure the "sharpness" of the tooth's cutting edge.
146
Similar to Croft et al. [28] , three broad dietary categories were assigned:
147 herbivore (predominantly leafy, green vegetable matter), seed eater (significant seed 148 consumption, but also arthropods), and omnivore (vegetable matter, fruits, seeds, and 149 arthropods). We include species that consume significant amounts of arthropods in our 150 seed eater category because the hard, chitinous exoskeletons of many insects consumed 151 (e.g., beetles) present a similar mechanical challenge. Also, we are aware that the term 152 "omnivore" can have multiple definitions depending on the taxa being investigated and 153 therefore "omnivore" lacks the precision one might prefer. However, it is not our goal to 154 speak to those debates here and we use the term as convenient shorthand for the rodent 155 diets noted above.
156
Dietary categories were assessed using Skinner and Chimimba [31] and Happold 157 [32]. The dietary information for the species in our study was generally consistent 158 between the two sources; however, when there were conflicting accounts, we opted to 159 choose the description that referenced the most field studies and provided the most detail.
160
After measurements were taken, we calculated ratios using all possible 7 161 combinations of linear measurements. We did this to better quantify the shape of the teeth 162 and to mitigate the inherent size differences among our samples which range from the ~6 
Results

180
Fourteen of the 36 measures tested for a phylogenetic signal produced K values < 181 1 and all 14 were ratio measurements (S2 Table) . These ratio measurements were used in 182 our stepwise QDA and a model was constructed (using OA/MD, OD/DE/ BD/MD, and 183 RC/MD) that misclassified 37 of the 163 training specimens (22.7%; Fig 2 and Table 1 ). Canonical 2 explains 10% of the variance and is driven by BD/MD and OD/DE (Table   186 2). Table) . 235 Herbivore-Omnivore, P < 0.0001; Herbivore-Seed Eater, P < 0.0001, Omnivore-Seed
236
Eater, P = 0.5249.
238
The morphological dichotomy between our seed eaters and herbivores is in line 239 with the findings of Croft et al.
[28] whose "fruit-seed" and "grass-leaf" categories 240 followed the same pattern, respectively. This makes sense from a structural standpoint in 241 that buccolingually deep incisors with relatively thick enamel caps are better suited to 242 resisting the high forces necessary to breach hard seed coats and the chitinous 243 exoskeletons of many insects. Conversely, the broader, thinner incisors of herbivores are 11 244 better suited for shearing tough vegetation.
245
Of the 37 training species missed by our dietary model, only one herbivore was 246 misclassified as a seed eater and no seed eaters were misclassified as herbivores. Thus, 247 for all but one of the species misidentified, the misidentification was to the dietary 248 category nearest in morphological space (i.e., omnivores fall morphologically in between 249 herbivores and seed eaters; Fig 1) . Nonetheless, it is notable that the herbivore 250 misclassified as a seed eater, and one of the two species for which all four specimens 251 were misclassified, was the acacia rat, Thallomys paedulcus (the other three specimens 252 were misclassified as omnivores). While this species consumes the pods of acacia trees, it
253 is reported to only consume the fleshy green outer coating and focuses the rest of its diet 254 on young tree leaves. As such, we were compelled to categorize it as an herbivore.
255 However, T. paedulcus habitually uses its incisors to cut pod-bearing twigs from acacia 256 trees in order to carry them back to its nest for consumption [35] . It seems reasonable that 257 a similar dental adaptation to eating hard seeds (i.e., buccolingually deep incisors with 258 thickened enamel) would be favored for the need to cut through woody material.
259 Therefore, as Croft et al.
[28] note, because many rodents do not solely use their dentition 260 for dietary purposes, other behaviors should be considered in discussions of dental 261 adaptation.
263
Confounding variables 264 The diets of many African rodents are poorly understood. One reason for this is 265 that many rodents are true generalists that can shift dietary (and other) behaviors based on 266 the environmental parameters of their given habitat. Murids, in particular, are known for 12 267 their ecological flexibility (e.g., Mus musculus, the common house mouse) and over half 268 of our specimens are members of this family. As such, the dietary information recorded 269 for many taxa can reflect regional variations more than species-wide dietary proclivities, 270 which we recognize. Pilot investigation of fossil material 292 In order to apply our models to fossil specimens, we chose to use random samples 293 of rodent incisors from two sites understood to be both temporally and environmentally 294 distinct. Isolated left maxillary rodent incisors from Swartkrans Member 1 (SKX-1)
295 (N=35) and Sterkfontein Member 4 (STS-4) (N=45) were sampled from collections at the 296 Ditsong Museum, South Africa, and were classified using our QDA model (Figure 3) .
297 While the sites lie roughly a kilometer away from each other on either side of the [29, 9] .
302
Our model predicts a strong separation in the number of specimens classified as 303 seed eaters and herbivores in these deposits (Fig 4 and We are reluctant to make inferences about paleohabitat based on these results 316 without taking taphonomic, and other potential biases in our samples and the broader 317 deposits into account. Because such an analysis is beyond the scope of this study, we 318 treat the fossil evidence as preliminary. We do note, however, that our sample was 319 random and that the deposits of interest are believed to be roughly isotaphonomic [3], so 320 it is unlikely that the comparison between these two fossil sites is of the apples to oranges 321 variety. As such, the divergent dietary signal we reveal in our analysis might be 322 informative about paleohabitat. In particular, none of the modern seed eater specimens 323 we used in our model are described as living in woodland or forested environments, 
